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Gene Expression in SpaceGene Expression in Space

• Osteoblasts (Dr. Millie Hughes-Fulford)
– Decrease in c-fos,c-jun, and cox-2
– Possible consequence of changes in cytoskeleton 

but not matrix protein
• Brain (Pompeiano et al.)

– Immediate early genes (IEG)
– Rat model (cerebellum, hypothalamus, spine
– No results available



Gene Expression in SpaceGene Expression in Space
• Zebrafish (Gillette-Ferguson et al.)

– Transgenic model with gfp gene under the 
control of the β-actin promoter

– Microgravity effects show a 9% increase in 
gfp expression in the heart



Renal Proximal Tubular Cells
Dr. Timothy Hammond,  Tulane Univ. Med.Ctr.

(An in vitro test for renal toxicity)
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Gene Expression in Microgravity

•The response of human cells to microgravity is fundamental to the adaptation 
of terrestrial life to low gravity environments and is reflected in the genes tat are 
activated in space. 
•As we observe the changes in cells in microgravity we open new opportunities 
into the fundamental processes in cells.
•Some of the arenas where the scientific community uses these findings is in the 
engineering of tissues for transplantation , modeling of disease, and the 
propagation of infectious organisms
•In May of 1999 Dr. Tim Hammond of Tulane University published his findings 
from microgravity and bioreactor experiments on the genes that are turned on 
and off when cells are transitioned to space ( Nature Medicine 5/99)



Space versus analogSpace versus analog

• Decreased compared to Analog
– Adhesion molecule
– Apoptosis
– Cytoskeletal proteins
– Differentiation
– Intracellular signaling proteins
– Receptors
– Transcription factors



Space versus analogSpace versus analog

• Increased compared to Analog
– Electron transport
– Stress

• Mixed
– Nucleic acid synthesis and modification
– Heat shock







Mechanical culture conditions 
effect renal cell gene 

expression

ISS Utilization-2001
Tulane Environmental 

Astrobiology Lab
October 16, 2001



Flight experiment

• To characterize renal cell gene 
expression changes during space flight

• to dissect gene expression changes due 
to vibration, gravity of launch and 
compare to rotating wal vessel

• to predict conditions to make
bioproducts





Rotating wall vessel



BIOSERVEBIOSERVE



Gene array clustersGene array clusters
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Bioproduct production 
conditions

• Vitamin D : rotating wall vessel
• Interferon in flight
• Other - in intellectual property review



ConclusionsConclusions
• Microgravity is a profound physical 

perturbation to cells
• The response suite in space is vast
• The actual contribution of microgravity to the 

response suite is undoubted smaller than the 
observations in space cell culture

• It is anticipated that mammalian cells will 
respond differently than plants and bacteria 
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